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FO+WORD

This report is the last in a series of studies by Dr. Ear:. Lackey,
formerly climatologist in the Earth Sciences Laboratory, on methods of
pred!icting climatic probabilities from inccoplete data. In this study,
a method is developed which portrays effectively the behavior of
tegerat•re distributions under a wide variety of climatic conditions.
This enables one to make an effective ccmparison of theie clivatological
variations and also introdices a simple way of extrapoL-ting smll
amounts of data to what might result if larger amounts vere available,
by putting all distributions on a comparative basim.

The approach used in this study is somevhat unconventional fraw
the point C: view of standard statistical procedures, but because it
does throw eight uqpon the behavior of climatological distributions it
is presentel here for consideration by other investigators in this field.

L. W. RUEBLOOD
Director
Earth Sciences Laboratory

APPROVED:

DALE H. SIELNIG
Scientific Director

W. M. MAIZ
Brigadier Genera3, USA
Co=ianding
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Extended experience in the construction ard use of several differ-
ent predictive nomographs covering a wide range of frequency distribu-
tions of vvrious types of weather and other phenomena, suggested ;he
probability that a universal series of patterns of frequency distributions
might permeate the whole of nature. This study is based in part on the
several nomographic patterns developed in previous studies. It assumes
that all of the frequency distributions we are likely to encounter in
practical climatology, whether symmetrical or asymmetrical (skewed), may
be fairly well approximat-d by a family of cumulative frequency curves,
provided they are plotted on such a scale that 100 units represents the
whole range of obbervational experience in each.

The predictive patterns in the General Nomograph and its associated
table depend for their operation on the numerical position of the mean
(average) between thc two extremes (maximum and minimum) in the freq--2ncy
distribution, when the three related measures are reduced to a 100-unit
scale. The means of frequency distributions having various degrees of
skewess lie along a diagonal line from the lower left to the upper right
of the basic section of the nomograph. Other lines (curved) trace the
values of other percentile or fractional parts of the various distribu-
tions. The construcrLon, use and reliability of this nomograph and its
associated table are given in this report.

Similar predictive patterns in an Alternative Nomograph and its
associated table are identified by the numerical position ot: (1) the
mean maximum between the absolute maximum and Lhe mean minimun or (2)
the mean minimum between the absolute minimum and the mean maximum, depend-
ing on which extreme is being explored. A 100-urnt scale based on the
above values is used in each case. The Alternative Nomograph thus illus-
trates the possibility of using parametric data other than means aud ex-
tremes as the basis for a nomograph, if that should be necessary, or
should prove to be a better basis for frequency prediction.

The essential sun=arized data for use with either nomograph may be
secured from printed publications or '-m isothermal maps. How each
scurce of summarized data may be used, fnr retrieval or predictive pur-
poses, is shown and the resulLts are verified by conmrarison witn recorded
data in the same vicinity.

vi



A GCEMMAL NOMOGRAPH FOR NORMAL AND SKEWED FREQU1ENCY DIOTIRTIMCt•S:

CLIMATOLOGICAL AND OMR APPLICATIONS

1•OSe an'd ,seope

This study offers a method vhereby the detailed climatic record may

be retrieved in part by use of a nomographic device in whi4ch summailted

data may be used effectively to reconstruct the patterns of weather and
climatic phenomena inlerent in the record. The mean and the extreme
values vhich are available in summarized climatic records are inter-
related in such a way that it is possible to discover frc them the de-
tailed frequencies of particular climatic valuer in the past.

The operation of the nomographic method presented here depends
largely on the asymmetrical or skewed positicx of the mean of any given
climatic frequency distribution as a measure of central tendency between
the extreme maximum and extreme minimim in a frequency distr-Ibtion. In
using the method, those measures are arranged in a numerical sequence
and converted to r 100-unit scale, the extremes of which are the extreaes
of the distribution, 0 to 100, respectively.* A cocmendable feature of
the method is its adaptability to either manual or machine processing.

I .

*It is also possible to base the 100-unit scale on values other than the
extremes of the distribution, and use the means of the extremes as
measures of skewness. See Part V.



PART I. KMA CCUSIM&ATII S

1. Some previously published studies

A nomographic method for determining hourly distribution of tewpera-
Lure was published by Spreen in 1956 using the monthly mean, the mean 'mx-
ium and the mean minin-m as the essential measures (Ii).

Another nomographic method for predicting hourly distribu-tLon of tem-
22atjrne ý.s proposed by Lackey in 1960, based on 10-year re-cords, featur-
itg x)nthvy means and the associated 10-year extrees (5). A ccuonnion
study appeared in 1964 for assessing the percentage frequency and probable
amunts of one-da rainfall, based on the mean monthly precipitation, and
the msximum one-day rainfall, in a series of 10-year records (7). Other
studies by Lackey dealt vi-kh maxi-1- temperature protabilities (8) and
m=Ln-m= tMperature probabilities (6, 9).

A uibole series of U.S. Weather Bureau Technical Papers is devoted To
the analysis of weather and climatic daTa. Several of these deal with
frequency and areal distribution of temperature (12). Areal and frequency
distribution of precipitation is covered for most of the United States in
Technical Ieport No. 151 with its more than twenty-five separate parts -
mostly by states.

A number of in-house U.S. ArmW Handbooks (lO) deal with the analysis
of climate st specific locations in different parts of the world. Each
of these presents in graphical and tabular form, the frequency and level
of temperature distribution to be expected for each month of the year.
Some. data from three of these Handbooks axe discussed in 111. 2, this
report.

•. Integrating Fea.••res

a. Nature and parpose of the 100-unit scale

Very early in our st.dy of arithmetic we learned that in order
to compare or combine two or more fractional values, it was necessary to
reduce or change then to a comon denomiiramtor. For example, 1/2 + 1/5
+ 1/10 = 5/10 + 2/10 + 1/10 = 8/10. Later, we discovered we could change
al). fractional values to a universal denominator - the decimal fraction.
Moreover, wf learned also that we. could reconvert any decimal fraction to
an -quivalent coumon fraction with any chosen denominator. For example,

0.80- 80 40 20 16 8 4 2 1
00 = TO = 25 - 20 - 10- .- !.25

These procedures offer a clue to what is proposed as a method for assess-
ing detailed probabilities from summarized data in which no two records
are alike, yet which do have some important elements in comn.

2



f
b. A s- net•ical climatic frequency distribution

ID Seoul, Kore&, during a l0-July period (310 July days) thedaily mean (Dtl) t"aerature was 77F, the absolute minimum (%bMi) was57F and the absolute maximum (Ab*) was 97F (5, p. 299). Because itlies midway between the extremes, the value of the mean is 50 on the 100-unit scale. A shorter way of stating that relationship is io call 50 aconvertedi mean (CMa).*

Hbourly distribution of temperature in Seoul during July is asfollows: 1% of the time, 62*F or belov; l0 of the tlme, 67t0 F or below;50% of the time, 77¶' oir below; 90% of the time, 86*F or below; and 99%of the time, 94*F or below. Those expected hourly frequencies happento be quite symmetrically (normally) distributed, and 'orrespond well tothe CYM 50 frequency pattern on the nomograkh which is derived from thevell-established normal frequency distribution familiar to statisticians.

c. A strongly skewed climatic frequency distributicn

However, nost distributions are asymmetrical (skewed). That is,their CW is highe7 or lower than 50. An example of this is the Aprilrainfall in New 0rleans. At New Orleans d&ring a 10-April period (300April days in 10 years) the monthly mean (MoMn) rainfall was 4.94", andthe 1-day maximum (1-day Mx) was 5.89". From the given data, bj use ofthe nomograph, it was found that the converted daily mean (cDrm) patternwas •. The expected 1-day ma:cimum rainfall on the average was as follows:1-day in 10 Aprils (1/300): 5.89"; 1 day in 5 Aprils (./150): 4.351"
I day in 50 Aprils (1/1500): 8.60"; 1 day in 100 Apritis (1/3000): 9.90".

(See Appendix B for detailed solution and computation of this example. )

The frequency thus described is so far from symmetrical that itwould be hard to deal -.Ith by reference to norrnal Probability di'tribu-tions. But the nomograph breaks it down easily into a clear statement ofprobabilities.

d. Range of converted mean values from these studies
CMa values of the climatic frequency reuords, used ir setting

up the General-purpose type Nomugraph developed in this and previous
studies, have spanned the range 30 to 70 in tempei'ature studies (5), and1 to 14 in a precipitation study (7). Evident symmetry of mxrves in the
basic section of the nomograph (Figure 1) has per.-4tted its completionin the CMn 15 to 29 and 71 to 100 zones with considerable confidence,even thAgh few actual climatic distribitions probably fall in the CMn

iee Appendix A for Abbreviations

ii 3



7o to 100 range. Symetry of pattern in the basic section of Figure I
seems due to the intended and actual near-equivalente of predictive dis.-
tributions to the actual frequency distributions of climatic observations
on wbIch the nomograph is based, and thus by anaolgy, their equivalence
to actual distributions at climatic stationt published only in summax'ized
form. Bowever, present proof of the validity c the basic section of the
nmograph will be limited here to examples of the emirical tests used in
this and prior studies.

4



PART M. TUC GEMAL-PIAPO6I USaMDOA

1. Its source and evolution

The integration of the nomographs used in the two studies mentioned
in Part I, together with conclusions derived from these two imvestigations
(5, 7) and associated extrapolations, resulted in a prototype general-
purpose nomograph similar to Figure 1. After testing and modifying the
prototype by usa of numerous actual frequency distributions from world-
wide sources, both of hourly teaaperature and 1-day maximum rainfalls, the
refined instrument FigrtLr 1 evolved. The frequency distribution of con-
verted predictive values (CPrV), as represented by the prediction pattern
of each of the converted means (C1Ms I to 100) and associated converted
predictive -alues (CPrV 0 to 100), were critically examined by use of 4
different types of probability scales.* An attempt was made to devise a
rmthematical model from which the 100 CMa patterns of the nomograph could
be derived. But this did not materialize. Consequently, the copleted
nomograph is empirically constructed, alost entirely. However, values
for CMn 50 and associated CPrV's closely approximate the values taken from
a normal frequency table.

2. Descripticn of Noxograxh and tabular equivalent

a. Basic section

(1) The nomograph

The square within which the Basic Section of the nomograph
is drawn measures 100 units both horizontally and vertically. The verti-
cal lines represent 101 (0 to 100, inclusive) aonverted predictive values
(CPrV). The horizontal lines represent 101 (0 to 100, inclusive) con-
verted means (CMn), and the converted predictive frequency ý_stributions
(CYrV) associated vith each of them. The curved percentage frequency
lines intersect both the CMn and CPrV lines and thus identify the CPrV's
associated with particular probability values on each of the 101 CYM
patterns. Each of the 3.01 CM'ns on the nomograph is associated with a
specific pattern of CI>r values. For example, from left to right, the

*Probability Scales:
(1) Norzal Probability Scale
2) Normal-Log Probability Scale
3) Skew-Iig Probability Scale (Lackey, reference 8, Fig. 3)
i 4) ýxtreme Probability Scale (Gumbel, reference 4)

S~5
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horizontal line of the CMh 60 pattern is crossed by more than a dozen
curved percentage frequency lines at CPr values (vertical lines) as
follows:

0.5% of the time, CPrV 3 10% of the time, CPrV 27
1% of the time, CPrV 1-1 20% of the time, CPrV 36
5% of the time, CPMV 18 99% of the time, CPrV 95

99.5% of the time, CPrV 98.

The 0.323% and 99.677% are the minimum and maximum CPr vo!ues, respec-
tively, for the period of observation (i0 years). The diagonal (lower
left to upper right) defines the asymmetry of each of the C1h patterns
and identifies the predictive pattern f,,r eac6 of the 10.1 cumulative
series.

(2) The table

The predictive features of the nomograph are numerically
represented in their entirety in Table I. For example, the CPrV 90% col-
uzn, Basic Section, contains the 101 CPrV's, each associated with 25
curved percentile lines on the nomograph. It is easy tc. see in the nmzeri-
cal tahowe hoy each of the predictive patterns differs from every other
one, and that each cumulative series in the Basic Section accumulates to
100.

The diversity of the frequency patterns that the nomgraph (Fig. i)
and associated table (Table I) afford is illustrated diagrammatically by
the three curves in Figure 2.

FIGURE 2: DIAGRAMMATIC SKETCH OF THREE

REPR•ESENTATIVE PATTERNS OF CONVERTED

FREQUENCY DISTRIBUTIONS
2 5 . . . . . . ...

20l- Ar.. under each. curvo e

20

zoC

1 0

0 323 0 5 1 3 1 20 30 0 0 50 60 70 80 90 95 99 99 S 99 67

PERCENTAGi FREOUFNCY OF CP, VALU(S

Figure 2
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b. Extrapolated section

(1) The nomograph

The 101 patterns of converted means (CMns) with their series
of cumulated converted predictive values (CPrV's, 0 to 100) ewch repre-
sents a frequency distribution Vnbch becomes attenuated from the C1n
toward its extremes, but does so at a decelerated rate. A frequency of
I day in 1 January (1/31) is 3.23% of the time; I day in 10 Januaries
(1/310) is 0.323% of the time; 1 day in 50 Januaries (1/1550) is .064%
of the time; 1 day in 100 Januaries (1/3100) is 0.0323% of the time. This
represents deceleration toward infiuity. This decelerated decline of fre-
quency in the 10-year record (CPrV 0 to 100 for each CMi value) is con-
tinued in the Extrapolated Section of the nomograph and extends to cover
climatic f-equency probabilities to 100 years (for particular months) by
decade accretions.

Thus, we can trace the CM' 69 pattern (mentioned in Basic Section
above) beyond the 100 CPrV limits to include 20- 30- 40- 50- 60- 70- 80-
90- and 100-year probabilities with reference to specified months. The
extrapolated CPrV's above CPrV 100 for CMn 60 are 103., 105, 107, 108., 109.,
110, 110, 'i-1 and 112, respectively. The decelerated trends were derivea
by reference to long period extremes at numerous stations and also by use
of several probability scales (see footnote, II, 1).

(2) The table

As in the Nomograph, the Extrapolated Section of the table
is a continuation of the Basic Section, and extends to cover i-requency
probabilities by decades up to 100 years. Thus, for the CWI 60 pLtern
we follow the ±ine 60 from the left margin to the required (e.g., 50-yr.,
100-yr.) column heading in Extrapolated Section. Values mire th.. 100
are the CPrV's. (Va2-,6 less than 100 in Extrapolated Section are ex-
plained in the Idenification Section comments bele-,,.)

c. Identification section

(1) The nomograph

The Basic Section of the nomograph was constructed from
10-year records. The trend of converted predictive values on the nomo-
graph and in Table I, therefore, is geared only to 10-year summary records.
What is to be done if one must use a 60-year summary record? The Identi-
fication Section is designed to cover such contingencies.* Let us assume
that a given 60-year record has a converted mean (CMn) of 45. To identify

*See reference 9, Part IV, for full explanation of Identification Section.

12



the I0-year equivalent pattern for this ann 45 in Figure 1, follow the
vertical 60-year line (Identification Sectinn) downzrrd to horizontal limeV•n 45. F here follow the nearest sloping line to the 1Oiycr vertical
line 4n the left marfin. It emerges here sl op n 50. For preltiction pur-
poses the 10-year CMn 50 pattern of CPrV's should be used as the equiva-lent of the C~m 45 pattern of CPrV's associated vitth the 60-year record.
In line manner the 10-year equivalent Cn pattern my be identified for
the 04n pattern of CPr values for any length of record up to 100 years.

(2) The table

Me same results may be achieved by use of Table I. Just
follow down the 60-year column (Extrapolated Section) to the 6 0-year
Period Converted Mean (PCMn) nearest 45. (PCW 's are the values in the
Extrapolated Section that are less than 100.) The figure nee-rest to 45
in this column happens to be 45.0, which is the line or pattern of CPrV's
associated with the 10-year C (far left column). Therefare, the
10-year equivalent Ctn 50 pattern of CPrV's is to be used in computing
probabilities. (See Appendix C for example using Identification Section.)

13



pMIll. SMU CLIMMIWGY1 TICUTIC N m If ER UZIABILM

1. A&&aSs 1  rainfall pobabilities

Several -oampler of using the. nean and two dxtrmua vith a Oaraml-
pu'vose type Nowgraph to pred..ct frequency and probable =m nt or 1-dar
ruinftlI are givwe in Reference 7. An a~mul~e of thi. type is solved in

2. Yal!&idatn of certain r; Inf&IU predictions by madOokdt

Manually tabulated and grphed cliutic data fer low, middle and
hig latitudes are gi7!n in tbree Arz handboks: Cristobal, Canal Zone;
Devils Lake, Nortli Dakota; and Fort Churchill, Man. (10). Tvble 3M gives
rainfall data frcm grapbs in these handbooks ( Actual"). Also shmm are
corresponding predicted values ("Predictedo) retrieved br use of the tbree
items of sumrized data (Abhk, AbMi and IMn), and the OGneral-prPOse
No•.•gmph. *_he months cosen represent wmths of the vet or the dry sea-
sons of the year. The predicted -'%.lues rn to 100 yetzr. The grqhad
values cover only years of &ctual record.

The Aifferences betwen the predicted and the actual (tabulated) are
not greater I.ban 'vuld be expected. In general, the predictions ca) I for
a few wre days ef low rainfall than -he tabulated records indicate.

3. Other kinus of climtology problem

Using the mean and tvo extrenes and the general-purpose Nmgraph
to Lesress hourly tmerature probabilities is discussed in Re-feree 5
(mentioned above in I, 2b). An example of hourly texperat...re frequencLes
is also discussed later in this report (VI, 3) and a detailed solution
given ir Appendx C.

Sumarized data are available for acoessing probable percentage data
fOr 1Zirst k[ ling frosts of Autu=, and last killig frosts of Spring;
for the cl')sing of harbors and ri vers by ice in Winter and their opening
iL. SpriLg; and foz L3Wy other kinds of suinrized atmshberic phenomena
in wLich only mean and extremes are given.
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PART IV. ILtDSPATIVE USES FRlOM INDUSTRY AND PSYCHOLM

Many kinds of sumerized data are amenable to this nomographic method
by which frequency distributions may be resolved. If the mean, the ex-
tremes, and length of record are given, the percentage frequenca" and levels
of occurrence may be retrieved or predicted with considerable confidence.
Two examples are given below.

1. Comprative screwdriver tensile strengths of slotted heads of valve
caps

A potential customer (such as the U. S. Arqy Materiel Command)
desired to know the screwdriver tensile strength of samples of the slotted
heads of valve caps of two competing companies. In the giren situation
the slotted heads of the screw caps could not tolerate temsions greater
than 200 lb., and required a minimum streng+h of at least 140 lb. for
satisfactory operations.

Company A: In a 34 valve-cap sample of this company the mean strength
was 153 lb., the maximim was 181 lb., and the minimum was 130 lb.

Company B: In a 36 valve-cap sample of the competing company the
mean strength was 138 lb., the maximm was 203 lb., and the minimum was
66 lb.

Using these data and the tabular equivalent of the Geneial-purpose
Nomograph (Table I), the frequency distribution of tensile strengths was
predicted. The frequency distribution in Company A (34 sample records)
followed pattern CMn 48. The frequency distribution in Company B (36 sam-
ple records) fclloved pattern CMn 57. The predicted distributions are
given in Table III.

%ble IMI. Predlete4 Frequemny and Amotnt (in lb) of Tensile strength of slotted fBsed
of 2 Wapeting ialve Caps (screwdriver valve Torts)

COqM.DY .0323% 1% 10% 20% 30% 40% 50% "0 70% "0 90% 99% 99.84% 99.8"% 99.9e% 99.954% 99.96EI%

A 130 1333r-40 1i.2 145 149 153 156 161 IC 167 175 ý,8o 181 183 185 166]

S66 T7 99 109 118 127 138J47 15664 173 187 19f7 201 2U 20o6 210

Underlined flgures represent mzim wvlues
Vrackets inclose tolerance rajkp [io0 - 200 i•7

lb



It is evident from Table III that 9C% of Ccompany A valve caps were
'iithin the required range (140 to 200 lb. ), and that only 50% of Company
B valve caps were within this range.

It is conceded that it may seem odd to construct frAnm climatic data
a predictive nomograph, and then use it in aswpicazlon to industrial
datq. But we do use meanr; stcndard deviations, etc., regularly as uni-
versal measures of dispersion. It is suggested that patterns of asymme-
try, in general, are amenable to many more applications.

2. Scores on ArnU Alpha Test

The summnry of scores fron an Army Alpha Test given to a group of
54 Army men was as follows: maximum score 201, mean score 172, and min-
imum score 126 (3)- Asiniming this to be representative of 10 repeated tests,
what are the probable results to be expected at various percentages of
the time?

In solving this problem, the converted mean of 61 is used (CMn = 61).
Therefore the CPr values in the CMn 61 pattern of Table I (equivalent of
the Nomograph) were used to compute the probable percentages of frequency
scores. These were found to be: 10% of the men should score i47 or
lower; 20%, 154 or lower; 30%, 160 or lower; 50%, 173 or lower; 70%, 182
or lower; 90%, 191 or lower. That is, only 10% of the men should score
191 or above.

If the test had included a larger proportion of easy questions, then
the C~n might have been higher, perhaps as high as CMn 8C or 90. The
converse probably would happen if there had been a larger proportion of
difficult questions in the tests. Or if tnere had been a large number
of such tests, the extremes would probably be more attenuated--perhaps
heving the maximum higher, and the minimum lower. Then a different
nimographic pattern, selected by means of the Identification Section,
would be lased for predictive purposes, but the distribution pattern would
still be approximately as asymmetrical.

17



PART V. ME ALTERNATIVE NOM)GRAPI

1, Essential data and theory for constructing and using

In summarizing data in which extremes are critical factors, it is
often desirable to knov the averages of the extremes measured. There-
fore, mean maxima (MMx) and mean minima (Mi) for given month(s) are often
listed in sunary records. The extrme maxcimum and the extreme minimum
temperature for January each usually occurs only once. On the other hand,
in January over a period of 50 yeer• there are 1550 daily maxima and 1550
daily minima. The averaging of these gives a January mean daily maximum
(Mwtx) and a January mean daily minimum (MDMi) each of which is a more
stable value from which to measure frequency of daily extremes than any
one of its numerous components. It is proposed, therefore, to construct
an Alternative All-purpose Nomograph using these two means (MtMx and M04i)
as relatively stable anchors in the abbreviated record from which the fre-
quency of oscillating extremes may be measured.

In such a nomograph the frequency distribution associated with theoscillating daily minimum would be measured, located by reference to a 100-

unit scale extending from the converted mean daily maximum (CMD*x) = 100 to
the absolute minimum (AbMi) = 0. Thus, the converted mean daily minimum
(CMIvfi) serves to identify the pttern of CPrV's to be used for predictiv-
purposes.

For purposes of predicting the frequency patterns associated with
daily maxima or minima, the range should perhaps be measw ed from one
absolute extreme (e.g., AbMx) in a given period of time to the mean of the
opposite extreme (e.g., MIDMi) instead of measuring from one absolute ex-
treme to the opposite absolute extreme as in Figure 1. We have in Figure 3
such a nomograph. Its construction and use are in most ways analogous to
that of Figure 1 of the present study.

2. Previous studies used, and range of converted mean extremc.

Two studies (6, 8) served chiefly as guides in constructing the pro-
totype for Figure 3 (Alternative Nomograph). The CYMn patterns for the
former (CMDi in reference 6) ranged from CMfn 20 to CYn 55, and the CMn
patterns for the latter (CýMIx in reference 8) ranged from CMn 36 to
CMn 80. (The two series of patterns overlap from CMn 36 to CMn 55.) This
left CMn 0 to 20 and CMn 80 to 100 to be developed. The extrapolations
were achieved by use of several differing probability scales (see foot-
note II-2), by searching out some extreme types of distributions, and
considering some unusual blit theoretically possible situations. Tir e~x-
ample: a case in which either one or the other or both extremes 4n several
or all of the distributions ran into stationary or fixed limits. Or a
situation in which a very potent variable synchronized with other high
variables only once or twice in a large number of distributions. In some
such cases extremely skewed or asymmetrical distributions might, probably
mould occur. In situations like this, converted mean patterns might run
ugh say 85 to 100 or perhaps low - 0 to 15.

18
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3- gM es of use in predictlng

Reference 6 contains several examples of the use of a numograph
similar to this to predict probable frequency of occurrence of daily max-
imia temperatures. For these the sunarized data are: AbMx, N4ft and
Md1I. Reference 9 gives an example of predicting probable frequency of
daily minimum temperatures. For these the essential data are: AbMi,
M4iA and MNEW.

In part VI, 4 of this report January minimum temperature probabili-

ties are given for certain degree quadrangles in Germany.

4. Tabular counterpart

In Table IV the predictive features of the Alternative Nonograph are
numerically represented in their entirety. See Pert II, 2 of this re:--rt,
for a generalized explanation of the sections of the table.

5. Differences between the two nomographs

The nomographs are constructed from and used with different items of
essential data, as explained above and sunmerized in VI, 2 below.

In the General-purpose Nomograph, the predictive curves are given in
the usual percentages (1%, 5%, l% 20% . . . 100%). In the Alternative
Nomograph the predictive curves are given primarily in frequency in days
(25/31, 20/31 . . . 1/3100) with the corresponding percentages (80.6%,
64.5% . . . 0.032%). The latter nomograph has certain advantages for
solving climatology problems.

Of course it is immaterial whether the percent frequency curves are
arranged from 0 to 100 or £Z-n 100 to 0, since on occasion each curve is
used as value X or as 100 - X.

I '• r'
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PART VI. UC C1 2 *OA IS WmML 3g"

The ncmogrphs described have special significance " applied to
climatic data. Let us illustrate one use, pctentially wrld-wid., by
appiy-lag it to a specific country - Gemmmy.

1. ConstructLnS isotheratl new of essential data

Sunwrized teperature daA frm 75 weather stations in Qerman
(Fig. 4) enabled us to construct 5 Januiry isotherial maps of the .ountry
based on more then 70 50-year records:

)ICx (Fig. 5d)-; Ablk (Fig. 5e).

2. f s ib o of (Janus..Y) te rtes

With tbese mps of essential data and the appropriate nomgraph, we
can predict the hourly frequency dlt.ktribution of January teerature for
any given place in 0emw.ny.

WnLc. 3 it s of essentgla data we use ill1 deperd on vhich nanograph
we intend to use. These vuld be:

For the General-purpose Niograph:

AM Mc n Ab~i

For the Alternative Ncmogrmph:

AbMi KOL or AbNM )(x KM

For solving the present problem, the General-purpoce Nomogreah vas selected.
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The Stuttgart area* of Germany was a random sample to test the use
of isothermal maps for predicting hourly distribution of temperature.
The required essential data for the Stuttgart area are:

Ab - 58F Xb - 3C*F Abmi -- 40F

The above-listed stumarized data for the Stuttgart area may be used
with the General-purpose Nomograph to assess the frequency and amount of
January temperatures. From the 50-year map data hourly temperature fre-
quencies were predicted.** These a. . given in line F of Table V.

3. Reliability of predictions for StuttZ2t area

In Table V, line D gives the observed hourly frequency record,
machine-tabulated, for 5 Januaries.*** Line E gives the hourly frequen-
cies from the 5-year summary record in line D.

It is believed that the predictions i" line F, made from the 50-
year map data, are just as good or better for operational prrpcses than
the recorded hourly frequencies from the original 5-year machine-tabulated
records or the predictions from the 5-year summarized records.

4. Constructing maps of temperature probatilities

Let us illustrate one use for the temperature probabilities developed
from essential data by using the Nomograph. Suppose we wish to construct
a January map of Germany showing the minimum temperature probabilities
for 9.7p of the time or 3 days in January. This will be done in the
following steps:

a. Secure essential data

We have decided to use the Alternative Nomograph, so we will
need MXDc, KV1i and AbMi. We will secure these essential data from the
verteýx cf each degree quadrangle. For example, quadrangle A, on Figure
5d, 5b and 5a. Table VI gives the essential data so secured.

*This is an area where hourly recordb have .. kept and tabulated
which are of sufficient length to lend validity to the present nomo-
graphic mE-hod. It should be noted, especially, that. the predictions
are not for the Stuttgart weather station, but represent the general
area in the vicinity of the relevant isotherms.

**See Appendix C for deta-l2ed steps in predicting
***Tabulated at AsheviLle, N.C., for Weath-r Corporation of America (WJA)
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b. Compute and tabulate pr~'~hl(' frequencies

Using the Alternatlve Nomograph, the probable frequencies of
daily minimum temperature were computed for quadrangle A. (See Table VI.)

In the same waý' the data and probable frequencies were obtained for
each degree quadrangle (B, C, etc.) and tabulated, as indicated on Table
VI-

We are here interested in 9.7% probabilities, so we underline these
in the table (Table VI). These underlined values will be used in con-
structing the 9.7% probability map.

c. Construct the probability map

On the map of Germany, at the various quadrangular vertices plot
the 70 or more minimum temperature valaes shown in the 9.7% (Dr 3/31)
coltis, that is, for quadrangle A = 19, B = 10 and C = 6, etc. Draw t--,
9.7% isotherms through and among the plotted minimum temperature values.

'This is the 9.70 map, and £hows tae minimum 4emperature to be ex-

pected at least 3 days in Janua-y in e!ry part of Germany.

d. Wider application

OfP course, corresponding maps can be drawn showing m:Lnimum tam-
peratures to be expected for any level (80.6% to o.o32%), i.e., from 25

days iL one January to 1 January day ia 100 years or 100 Januaries.

The above procedures could be folLowed in constructing maps featur-
ing frequency of daily maximum temperature levels (using MDIMi., HIAx and
AbMb data).

Similar procedures could be used f'or rainall, or other clizn•c
data. Or the procedures could be adap-ed to use of the General-pu-pose
Nomograph and its appropriate e-sentiaL data (AbMx, D~n, AbMI .)

This procedure is applicable for Lny part of the world where essen-
tial summarized climatology data are amailable.

It is believed that the :emperature data derived frcm such maps is
sufficiently reliable to fasl well witain the caLculatea r-sks of mili-
tary expediency, and may bt ised -ith -onfidence at least until better
criteria are found and evaluated.
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A. The value, use and construction of the 100-ulit nomographs pre-
sented in this study are based on the assumption thFt the frequency dis-
tributions of measures of given phenomena differ from the normal accord-
ing to patterns which are more or less inherent in their sumoary measures.
"%he construction of the two nomographs depends largely on which values in
the summaries are utilized as parameters in their make-up.

In Figure I and Table I, the 101 converted mean patterns (CMn),
each with its unique series of converted predictive values (CPrV), depend
for their utility entirely on four (4) parametric values. These summary
measures are:

AbMk - Absolute Maximum
AbMi - Absolute Minimum
Mn - Mean or Average

- Length of Record

Gi,, these 4 parametric measures, commonly available in suimmrized cli-
matic records, t.- approximate details of a climatic record may be
retrieved.

B. Some categories of summarized data include the average or mean
of a series of extremes, i.e., the mean maximum (M4x) and mean minimum
(WMi). In this case, these two parametric values together with the ex-
tremes may be used in ULe construction of the Alternative Predictive
Nmograph (Figure 3).

Theoretically, the prediction from the two nomographs should
agree (approximately) when applied to a given summary record. The anchor
position (CMn = 0 and CMn = 100) from which all. probabilities (CPrV's)
are measured in Figure 1 is either the absolute maximum or absolute mini-
mum; this is not as stable as the anchor position of mean maximum (*Ix)
or mean minimum (MWi) as in Figure 3.

C. The author believes that these two nomographs are fairly good
instruments, but shouwa be considered tentative, and should be subjected
to rigorous tests and subsequent revision. Therefore, this investigator
invites and welcon.2s suggestions for the revision or modification of these
two prognostic instruments.
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APPMAXDH A

ABBRKVIATIONS

AbWX = Absolute Naximm
The highest measure recorded in a given series of observa-
tions of a climatic or other variable.

Abei = Absolute Minimum
The lowest measure recorded in a given series of observations
of a climatic or other variable.

Mn = Mean
The sz= of a series of measures divided by the number of
measures, to give the average value.

The average of a given series of daily measures.

Mo~m = MonthJl Mean
The mean of a series of monthly averages for a given month
in each year of record.

MI~X Mean Daiaqy Maxim=
The average of the daily maxim (4M this study, for a given
month only in each ye-r) during the period of record.

ýOil Mean D&ily Minimum
The average of the daisy minima (in this study, for a given
month only in each year) during the period of record.

CAbW. = Converted Absolute Max'=um
The AbIh changed to 100 on the 100-unit scale.

CAbMi Converted Absolute Winiu
The AhMJi changed to 0 on the 100-unit scale.

CM = Converted Mean
TEhe mean occupying the same relative position between ex-
tremes as in unconverted obser-ations, but expressed as a
value on the 100-unit scale between 0 (C.AbMi) and 100
(CAbWc).

CMDMi = Converted Mean Daily Minimum
Average of the reduced daily minimA ::onverted to the 100-
unit scale as in Table IV.
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-~f Converted Meani P~i1. Ihxlmm
Average of the reduced daily aim couverted to the 100-
unit scale as in Table IV.

CPrV - Converted Predictive Values
The cumultive frequency predictive values associated vith
each of the 101 CO's (left nargin Table I and Table IV),
e.g., CPrV's on line CXb 60.

PC~m - Period Converted Mean
See footnote Table I and Table IV.
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AP1DIX B

PR($LZM SOLUTION: ASSESS•IG FREW.WC AND PROBABLE A)(OUNT
OF 1-DAY RAINFALL, USING GXEKMAL-I¶RPOSE NOMM(XAPH

In this type of problem, we are given the 10-year record and use
the Extrapolated section of the Nomograph or its associated Table to pre-
dict for decades beyond 10 years. The specific subject, April rainfall
in New Orleans, was previously discussed (see Table I, ref. 7), but in
the following problem the present Nomograph (Fig. 1) was used.

1. Statement of problem

Given: At New Orleans during a 10-April period (300 April days in
10 years)-the monthly mean (MoMn) rainfall was 4.94" and the 1-day maxi-
mum (1-daY Mx) was 5.8".

ReSuired: What is the probable 1-day maximum April rainfall to be
expected in 20 years? 50 years? 100 years?

2. Solution of problem

a. Find 'he C1m (!-day converted mean)

Formula:

1-day C -30 (10 April 1-day Mx)

(Substituting)

100 ( = 2.81 or 3

Therefore, 1-day E pattern of CPrV is to be used for

predictions.

b. Find the CPrV's

On the General-purpose Nomograph, follow along CMn 3 f-:m the
Jeft margin to its intersection with the 20-year curve, thence upward
to 12-4; to the intersection with the 50-year curve, thence upward ,o 146;
and for the 100-year curve, thence upward to 168. These are the converted
predictive April 1-day rainfalls. These 0>rVTs-are more easily found on
the equivalent table. Using the CKa pattern of 3 in Table I, follow along
from 'he left margin until under column head for 20 years: 12Lk; for 50
years: 146; and for 100 years: 168.



c. Reconvert to coavent'm' antsures (inces)

1-day =imin= - 10 Afril 1-u d k) (acy)
000

100

50 Awril 1-day * - 5-2 C - 8.60" at least
100

1oo Aprill -dV * 5§9" (16) . 9.90" at least
100



APDIX C

1¶RO3IM SOLUTION: ASSISSIXG TWGERATURE FREOWM, PM~l ON 50-ITAR

JWO~rY RBCMWX, USING GAML-¶JPOEM &a.Z4DGRAPH

This is a step-by-step wF)*iution of the problem discussed In VI,2 of
this report, with results given in Table V, line F.

1. Statement of problem

Given: The following essential data from isothermal upsa,

Figs. 5 e,c,a

Abk= 58*F Mo)ki - 30OF Ab~i -*

Requi~red: To assess the percentage frequency of January daily
tezperatures, based on 90-year suxmary map records, for the vicinity of
Stuttgart, Germany.

2. Solution of problem

a. Reduce the 3 itemm by subtracting each from AbM4, so that:

Ab1k = 0 osM .= 28 AbMi = 62

The 50-year range is 62F2.

b. Find the 50-year CW1

Formila:

PCMA - 10 . A
Range

(Substituting)

100 (28)= 45.?

PC&M 45.2 is for a 50-yr period record.

c. Find the 10-year CW pattern equivalent to PM 45.2

In Table 1, follow down the 50-yr colum series of PC~h's
(figures less than I00) to the one nearest 45.2. This is I±> 5 afri is
found associated in the 10-yr table (follow line to left margin) witb
the C)& 0 pattern of CPrV's.
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The 10-.r CMh 50 pattern will serve for prediction p'wpose3.

e-. Find the required M-vV'a

On Table i, on the C3h 50 line, find the required CPrV under
the appropriate column heading, e.g., 30-yr CPrV - 107; 50-yr CPrV - -10;
100-yr CPrV - 115.

eo Fr.nd uhat the 10-year rng vould be, correggnding to 50-E

Formula:
10-yr range = 100 (5o-yr rqnge)

50-yr CPrV

(Substituting)

lo 62 56.4
110

if. Find required percentage frequency temperatures

Formula':

Percentage frequency temp. - 50-yr Ab!c - 10-yr range* (CPrV's**)
100

(ZS":b13titut ina),

For 1 day in 30 yeart = 58- 56-2 (i0 = -2
100

For 1 day in Y'0 years - 58- 6.4 (11) = -7100

These and other frequencies are given in Table V.

*As in step e above.
**As in step d above,
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IS. GAY ~_ Extended experience in the construction and use of several different pre-
dict4ve ncaographs covering a wide rtage of frequency distributions of various types
of weather an~d other phencmena, su~ggested the probability that a universal series of
patterns of frequency distributions might pezreate the whole of nature. This study
is based in ?art on the several. ncuographic patterns developed in previous stuiAes.
It asrmuia that all of the frtquency distributions we are likely to encounter in
practical c.iimatolcogy, whether symmetrical or asymmtrical (skeved),. may be fairly
veil approximated by a family of cumulative frequency curves, provided they are
plotted on axich a, scale that 100 units represents the wbole range of bbserva'.onal
exprience in each.

The predictive patterns in the General. Nomograph and its asaociated table
deT,"-nd for their operation on the n.mierical position o1f the MEa k average) betveen
the two ex-tremies (maxim= and zinimum) in the frequency distribution, vhen the three
related measures are reduced to a 100-unit scale. The means of frequmecy distribu-
tionis having various degrees of skewness lie along a diagonal l-ine from thýý lov-r
left to the upper right of th~e basic section of the ncatograph. Other lines (curved)
trace the values of other percentile or fractional parts of the various distributions.
The constrvction, use and reliability of this nano;ý:'-ph and its auisociated table are
given in this rep,)&,.!

'luarpredictive patterns in an Alternal.ve Nomograph and its associated
tablit are identi-fied by the nunerIca~l position of: (1) the mean max~ixm between the
absrplute rnariumi nd the mean miniam=, or (2) the mecan minimum between the
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FA lO-utemi •wte ae ca the m oxir lues is used in each case. The Alterxlative

N~om;csjph thy, ill4trateas t•e possibility of using parametric data other than2

we i nd ext-emes as th'e basis for a nomograph, if that should be necessary, or
"m h-td prc•-o to be a beiter basis for frequency prediction.

Itz essential sumcmadzed data for use vith either nomograph my be secured
fra printed pb!lications or fron isothermal maps. How each source of summri zed
data may be used, for retrieval or predictive purposes, is shown and the results
are "erified by ccmparison with recorded data in the same viaini7y.
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